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(54) Recording medium and reproducing method and apparatus for recording medium 



(57) A recording medium at least having a first re- 
cording layer (or recording the first infonnation arid a 
second recording layer for recording the second infor- 
mation. A discriminating signal indicating the playback 
mode is recorded on at least one o1 the first and second 
recording layers provided on the recording medium. The 
discriminating signal indicates a first playback mode lor 
respectively reproducing the first information recorded 



in the first recording layer and the second information 
recorded on the second recording layer, or a second 
playback mode for calculating the lirst information re- 
corded in the first recording layer and the second infor- 
mation recorded in the second recording layer to gen- 
erate playback signals. A reproducing method and ap- 
paratus for the recording medium are also provided for 
reproducing the recording medium. 
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Description 

[0001] This invention relates to a recording medium, 
a reproducing method and apparatus lof reproducing 
the recording medium, and an optical recording medi- £ 
urn. More particularly, it relates to a recording medium, 
a reproducing method and apparatus lor reproducing 
the recording medium, and an optical recording medi- 
um, in which the medium has at least first and second 
recording layers. ro 
(0002] As a recording medium for variable inlorma- 
tion, such as the audio or video inlormation, there is 
widely used an optical disc tor reproducing the intorma- 
tion recorded on the recording medium using a light 
beam. Such an optical disc has been proposed in which ts 
plural recording layers are provided lor increasing the 
volume ol the recordable inlormation. 
[0003] In a routine optical disc having plural recording 
layers, the intormation is recorded on each recording 
layer so lhal the inlormation recorded on the respective so 
recording layers are sequentially reproduced tiom one 
recording layerjo, another. That is, in this optical disc, 
the inlormation recorded in the respective recording lay- 
ers is reproduced by reproducing the intormation re- 
corded on one recording layer alter reproducing the in- 2& 
lormation recording on another recording layer. 
[0004] Alternatively, one ol plural sectors provided on 
a recording layer ot an optical disc is reproduced after 
reproducing another sector. 

[0005] It may be seen that, in the routine multi-layered 3D 
optical disc, in which the recording capacity is increased 
by providing plural recording layers, the inlormation re- 
corded in the respective recording layers is reproduced 
without pertinence to one another. So, the intormation 
recorded in the respective recording layers is simply re- 35 
produced as the inlormation has been recorded in the 
respective recording layers 

[0006] It is therefore an object ofthe present invention 
to provide a recording medium which resolves the 
above-mentioned problem. 40 
[0007] It is another object of the present invention to 
provide a reproducing apparatus which resolves the 
above-mentioned problem. 

[0008] It is still another object ol the present invention 
to provide a reproducing method which resolves the 
above-mentioned problem. 

[0009] It is yet another object of the present invention 
lo provide an optical recording medium which resolves 
the above-mentioned problem. 

[0010] According to (he present invention, there is so 
provided a recording medium at least having a first re- 
cording layer lor recording the lirsl information and a 
second recording layer for recording the second inlor- 
mation. A discriminating signal indicating the playback 
mode is recorded on at least one of the first and second ££ 
recording layers. 

[0011] According lo the present invention, there is al- 
so provided a recording medium at least having a first 



recording layer lor recording the first information and a 
second recording layer ior recording the second infor- 
mation. A discriminating signal representing a playback 
mode is recorded in the first or second recording layer 
read out first at the time ol reproduction. 
[0012] According to the presenl invention, there is 
provided a reproducing apparatus for a recording medi- 
um. The recording medium includes at least a first re- 
cording layer in which the first information is recorded, 
and a second recording layer in which the second infor- 
mation is recorded. In at.least one of the first recording 
layer and the second recording layer, there is recorded 
a discriminating signal at least indicating whether or not 
the lirsl information recorded in the first recording layer 
and the second information recorded in the second re- 
cording layer are to be calculated and reproduced. The 
reproducing apparatus includes a readout unit, a repro- 
ducing processing unit and a controller. The readout unit 
reads out the lirsi or second information Iromthe record- 
ing medium. The reproducing processing unit applies 
signal processing to an output signal from the readout 
unit. The controller switches the reproduction process- 
ing unit besed on the discriminating signal read out by 
the readout unit. 

[0013] According to the present invention, there is 
provided a reproducing method for reproducing a re- 
cording medium. The recording medium includes at 
least a first recording layer in which the first information 
is recorded, and a second recording layer in which the 
second inlormation is recorded. In at least one of the 
first recording layer and the second recording layer, 
there is recorded a discriminating signal at least indicat- 
ing whether or not the first information recorded in the 
first recording layer and the second information record- 
ed in the second recording layer are to be calculated 
and reproduced. The reproducing method reads out the 
first or second inlormation from the recording medium 
and, based on the discriminating signal read out from 
the recording medium, switches the reproduction 
processing operation of the reproduction processing 
means fed with the first and second information read out 
from the recording medium based on the discriminating 
signal read out from the recording medium. 
[0014] According to the present invention, there is al- 
so provided an optical recording medium including at 
least a first recording layer in which the first information 
is recorded and a second recording in which the second 
inlormation is recorded. The first and second informa- 
tion are recorded so as to be accessed by movement 
within a field of view of the objective lens used for read- 
ing out the first and second information. 
[001 5] Embodiments of the invention will now be de- 
scribed, by way of example only, with reference to the 
accompanying drawings in which: - 
[0016] Fig.i is a cross-sectional view showing an ex- 
ample of an optical disc according 10 the present inven- 
tion. 

[0017] Fig. 2 is a plan view of the oplical disc. 
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10018] Fig. 3 shows a state in which a light beam is 
illuminated on lirst and second recording layers provid- 
ed on the optical disc. 

[0019] Fig. 4 shows a typical arrangement ol speakers 
led with playback signals of the inlormation recorded on 
an optical disc according to the present invention. 
|0020] Fig. 5 shows a data structure ot the first and 
second inlormation recorded on the lirst and second re- 
cording layers ot the optical disc 

[0021] Fig. 6 schematically shows the state ot record- 
ing of the lirst and second inlormation on the first and 
second recording layers ol the optical disc. 
[0022] Fig. 7 shows another typical arrangement ol 
speakers fed with playback signals of the inlormation 
recorded on an optical disc according to the present in- 
vention. 

[0023] Fig. 8 shows another data structure of the first 
and second inlormation recorded on the first and second 
recording layers of the optical disc. 
[0024] Fig.9 shows slill anolher typical arrangement 
ol speakers fed with playback signals of the information 
recorded on an optical disc according to the present in- 
vention. 

[0025] Fig. 10 shows still another data structure ot the 
first and second information recorded on the first and 
second recording layers ol the optical disc. 
[0026] Fig. 11 shows yet another data structure o! th9 
first and second information recorded on the first and 
second recording layers ol the optical disc. 
[0027] Fig. 1 2 is a cross-sectional view showing an ex- 
ample of an optical disc according to the present inven- 
tion. 

[0028] Fig. 1 3 is a block diagram showing a reproduc- 
ing apparatus lor reproducing an optical disc according 
to the present invention. 

[0029] Figs. 14a and 14b shows a switching timing in 
reproducing the first and second inlormation recorded 
on the first and second recording layers of the optical 
disc by the reproducing apparatus shown in Fig.1 3. 
[0030] Fig. 15 is a block diagram showing a recording 
apparatus for recording the first and second infonnation 
on the first and second recording layers ol an optical 
disc and a reproducing apparatus for reproducing the 
tirst and second inlormation recorded on the first and 
second recording layers by the recording apparatus. 
[0031] Referring to the drawings, prelerred embodi- 
ments according to the preseni invention will be ex- 
plained in detail. 

[0032] An optical disc 1 according to the present in- 
vention includes a substrate 2 lorrned ol a synthetic res- 
in, such as light-transmitting polycarbonate resin, or 
glass, as shown in Fig. 1 . On one ot the major surfaces 
ol the substrate 2 : there is provided a pit pattern 3, which 
is a pattern of fine crests and recesses corresponding 
tothe audio or video information, as the tirst information 
to be recorded. If the substrate 2 is formed ot a synthetic 
resin, the pit pattern 3 is formed simultaneously as the 
substraie 2 when injection molding the substrate 2. It 



the substraie 2 is formed ot glass, it is lormed using a 
2P (phoio-polymeri7a1ion method). In the 2P method, a 
photo-curable resin, such as UV light curable resin, is 
charged into a space between the glass substrate and 

£ a disc stamper and the photocurable resin is cured on 
illumination of, tor example, UV rays, from the glass sub- 
strate side to produce a layer presenting a pattern ol 
crests and recesses on the glass substrate. 
[0033] The substrate 2, used tor this optical disc 1 , is 

to obtained on injection molding a polycarbonate resin. On 
one major surface ofthe substrate 2 is recorded the re- 
cording inlormation in the torm of the pit pattern 3. Sim- 
ilarly to the substraie of the compact disc, which is a 
routinely used optical disc with a diameter ol 1 2 cm, the 

ts substrate 2 is ot a thickness of approximately 1.2 mm. 
|0034] On one ol the major surlaces of the substrate 
2, carrying the pit pattern 3, there is provided a first re- 
cording layer 4 extending along the pit pattern 3, as 
shown in Fig.l . The first recording layer 4 is lormed as 

so a semi-transparent lilm transmitting a certain quantity ol 
a light beam illuminated 1rom the substrate 2 and reflect- 
ing a certain quantity thereof, and is lormed ot silicon- 
based material, such as Si 3 0 4 or Si0 2 , to a thickness of 
the order ol 1 00 nm to 500 nm. The first recording layer 

2B 4 is formed as a multiple layer by layering Si 3 0 4 or Si0 2 
films. The Si 3 0 4 film or the Si0 2 film, making up the first 
recording layer 4, is formed by a vacuum deposition or 
sputtering method. 

[0035] On the tirst recording layer 4 is formed a sec- 

30 ond recording layer 6 via an intermediate layer 5 ot, tor 
example, a U V light curable resin. The intermediate lay- 
er 5 plays the role ol optically separating the lirst record- 
ing layer 4 and the second recording layer 6 so that 
these layers 4, 6 are not positioned within the depth of 

35 locus of an objective lens 6 converging and illuminating 
a light beam on these layers 4, 6. Specifically, the inter- 
mediate layer 5 is of a thickness ot approximately 30 
um. It the intermediate layer 5 is too thin in thickness, 
the reflected light beams from the first recording layer 4 

^o cannot be separated sufficiently trom the reflected light 
beams from the second recording layer 6 to render it 
difficull to delect the two reflected beams. On the other 
hand, it the intermediate layer 5 is too thick in thickness, 
spherical aberration, for example, is produced. The 

4£ thickness of the intermediate layer 5 ts set to a proper 
value taking these respects into consideration. 
[0036] The intermediate layer 5 is lormed by spin 
coaling a UV light curable resin. Alternatively the UV 
light cuiable lesin, tor example, may be coated by sev- 

$o eral coaling operations with a coating thickness lor each 
coaling operation being 5 to 10 urn. The intermediate 
layer 5 may also be formed by bonding a transparent 
sheet. 22. 

|0037] On one of the major surlaces of the intermedi- 
ns ate layer 5 is formed a pit pattern 7 which is a pattern ot 
tine crests and recesses corresponding to the audio or 
video informal ion recorded on the second recording lay- 
er 6 as Ihe second information. This pit pattern 7 may 
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be formed by the 2P method used in forming s pil panern 
on a glass substrate. That is, a UV lighi curable resin i£ 
applied to Ihe first recording layer A by a spin coaling 
method, a stamper carrying crests and recesses corre- 
sponding to the pil pattern 7 is applied to the resulting 
assembly : and UV rays are illuminaied in this state on 
the resulting assembly to cure the resin. The stamper 
then is exfoliated to form the pit pattern 7 on one of the 
major surlaces of the intennediate layer £. 
(0038] The second recording layer 6 is formed along 
the pit pattern 7 formed on one of the major surfaces of 
the intermediate layer 5 to overlie the pit pattern 7. For 
reflecting the light beam illuminated through the first re- 
cording layer 4 on the second recording layer 6 to an 
optical pickup lying on the side substrate 2 16 high effi- 
ciency, the second recording layer 6 is lormed of a ma- 
terial which assures high reflectance, such as aluminum 
(Al) : gold (Au) or silver (Ag), by a technique such as va- 
por deposition or sputtering. For protecting the surface 
ol the second recording layer 6, a protective layer & of, 
for example.. UV light curable resin, is provided on the 
second recording layer 6. This protective layer B is 
formed by coating the UV light curable resin on the sec- 
ond recording layer 6 by a spin-coating method and by 
illuminating the UV rays on the resulting assembly for 
curing. 

[0039] The optical disc 1 has a center opening n, 
around which there is provided a clamping area 12, as 
shown in Fig. 2. This optical disc 1 is loaded on a disc 
lable of a disc rotating driving unit providedon Ihe optical 
disc reproducing apparatus, for rotation in unison with 
Ihe disc table, asthe optical disc is centered with respect 
to the disc table, by forming a centering portion cenlrally 
of the disc table in the center opening 11, setting the 
clamping area 12 on the disc table and clamping the op- 
tical disc in position by a clamping member, not shown. 
(0040] Since the optical disc 1 is provided in its inner 
rim area with the clamping area 12 clamped by the disc 
rotating driving unit, the first and second recording lay- 
ers 4 and 6 are provided radially outwardly of the outer 
rim of the clamping area 12. 

[0041] Meanwhile, the first and second information, 
recorded on the first and second recording layers 4 and 
6 of the optical disc 1, are reproduced by illuminating a 
light beam from the side of the substrate 2 and by de- 
lecting the return light beam reflected from the first and 
second recording layers 4 and 6 by a phoiodetector, not 
shown : provided on Ihe side substrate 2. To this end, 
the first recording layer A is lormed as a semi-transpar- 
ent film permitting a certain portion of the light beam to 
be transmitted towards the second recording layer £, 
whereas the second recording layer 6 is designed to re- 
flect the light beam transmitted through the first record- 
ing layer 4 so as to be illuminated on the second record- 
ing layer 6 at a high efficiency. That is, the reflectance 
ol the second recording layer 6 is selected to be higher 
than lhai of the first recording layer 4. 
[0042] More specifically, the firsl recording layer 4 of 



the optical disc 1 according to the presenl invention has 
a reflectance of 11%, whereas thai of the second record- 
ing layer 6 has a reflectance of 99%. If the light beam 
diffusion absorption ratio of the substrate 2 lormed of a 
- polycarbonate resin is 5% : and a light beam lalls on 
the side substrate 2, 10% of the light beam is reflected 
by the firsl recording layer 4 as a return light beam L ?: 
with 65% of the light beam being transmitted through 
the first recording layer 4 to tall on the second recording 

to layer 6. Since the light beam diffusion absorption ratio 
of the intermediate layer 5 is approximately zero, the 
major portion of the light beam falls on ihe second re- 
cording layer 6. A light beam L 3 , incident on the second 
recording iayer 6 : is reflected by 1he second recording 
layer 6 having the reflectance of 99%, to prove a return 
light beam L 4 , which is transmitted through the tirst re- 
cording layer 4 having the reflectance ot 11% and 
through the substrate 2 with the diffusion and absorption 
ratio of 5%, so as to be outputted to outside of the optical 

20 disc i , The return light ratio ol the beam l^, reflected by 
the second recording layer 6, is approximately 71% of 
the amount of the light beam first incident on the sub- 
strate 2. 

[0043] As another example of the optical disc 1 , if the 

2B rcflcdancc ot the first recording layer 4 is 20% and that 
of the second recording layer 6 is 99%, 18% of the light 
beam incident initially on the substrate 2 from the sec- 
ond recording layer 6 is reflected as a return light beam 
L ?; whilst approximately 57% ot the light beam L, inci- 

30 denl initially on the substrate 2 from the second record- 
ing layer 6 is reflected as the return light beam. 
[0044] By reducing the reflectance of the first record- 
ing layer 4 and raising the light transmittance to increase 
the reflectance of the second recording layer 6, in this 

35 manner, il is possible to provide a sufficient light volume 
ol the return light beam reflected back from the second 
recording layer 6. The second information, recorded on 
an inlormation recording area 14 of the second record- 
ing layer 6 having the high reflectance : can be repro- 

40 duced sufficiently by a routine optical disc reproducing 
apparatus for which high reflectance is a requirement. 
That is, the second recording layer 6 can be handled as 
is the routinely employed compact disc (CD). 
[0045] Meanwhile, the audio inlormation correspond- 

•*£ ing io respective independent music numbers may be 
recorded as the first and second inlormation on the first 
and second recording layers 4 and 6 ol the optical disc 
1. In such case, Ihe audio information corresponding to 
an independent music number is recorded as the sec- 

so ond inlormation on the second recording layer 6 which 
can be handled similarly to the routinely used CD, whilst 
the information on a new musical number targeted al 
advertisement or marketing is recorded as the first in- 
formation on the first recording layer 4. 

S£ [0046] On the first and second recording layers 4 and 
6, there may also be recorded the first and second in- 
lormation which are relevanl io each other. In such case, 
the tirsi and second information conslitule togelher Ihe 



4 



EP 1 081 707 A1 



e 



sole uniiary recording information typilied by. lor exam* 
pie, Ihe mulli-channel audio information enabling sur- 
round reproduction. 

[0047] The multi-channel audio inlormalion is made 
up of. tor example, left and right Iront channel data, in- 
putted to left and right front speakers 11, 12, arranged 
on the forward side of an acoustic space, and left and 
right rear channel data, inputted to left and right front 
speakers 13, 14, as shown in Fig. 4. 
[0048] It is noted that the lelt and right front channel 
information is recorded as the second inlormalion on the 
second recording layer 6, whilst the lelt and right rear 
channel information is recorded as the first inlormation 
on the first recording layer 4. 

[0049] The left and right front channel inlormation L f> 
Rj, recorded as the second inlormation in the second 
recording layer 6, is quantized as 16-bit information tor 
each of the left and right channel inlormation, as shown 
in Ftg.SA. The left and right rear channel information L B , 
R B; recorded as ihe second inlonnalion in Ihe lirsl re- 
cording layer 4, is similarly quantized as 1 6-bil informa- 
tion for- each of the left and right channel information, as 
shown in Fig,5B. 

[0050] The first information recorded on the first re- 
cording layer 4 is recorded at B 1( B 2 , ■•* of the second 
recording layer 6 in the vicinity of A v A 2 , • •■ of the first 
recording layer 4, on which is recorded the first informa- 
tion pertinent to the second information, as shown in F ig. 
6. In particular, the second information is recorded within 
a distance D, from the positions A v A £ of the first re- 
cording layer 4. carrying the recorded first information 
pertinent to this second information.. This distance D, 
is such a distance that can be accessed by moving an 
objective lens IB of the optical pickup of a readout mech- 
anism adapted for reading out the first or second infor- 
mation of the first and second recording layers 4 and 6 
of the optical disc 1 in the direction substantially perpen- 
dicular to the recording track formed in the first and sec- 
ond recording layers 4 and 6, as indicated by arrow X 
in Fig. 6. This distance is such a distance that can be 
accessed by the movement of the optical pickup within 
he field of view of the objective lens 16 without perform- 
ing sled feed of feeding the optical pickup by a pickup 
leed mechanism, not shown, in a direction perpendicu- 
lar to the recording track, that is along the radius o1 the 
optical disc 1. Specifically, this distance is of the order 
of approximately 200 urn. More specifically, the first and 
second inlormalion are recorded on the respective re- 
cording layers so that the leading end ol an at ea in which 
is recorded Ihe first information and the leading end of 
an area in which is recorded the second information are 
within a range of approximately 200 pm from each other. 
For example, if the recording is made in the first and 
second recording layers 4 and 6 in accordance with the 
standard CD recording format, and the distance D, of 
the recording positions of the first and second informa- 
tion is 100 Mm, the first and second information are re- 
corded wilhin 60 recording tracks exl ending concentri- 



cally or spirally in the lirst and second recording layers 
4 and 6. 

[0051] The first and second inlormalion. relevanl with 
each olher to constitute the sole unitary recording inlor- 
5 mation. may also be recorded on the first and second 
recording layers 4 and 6. 

[0052] For example, it the audio information recorded 
on the optical disc 1 is a multi-channel data, made up of 
left and right front channel data Lj, R f inputted to (eft and 

to right Iront speakers 21 , 22 arranged on the Iront side of 
an acoustic space, rear channel data B. inputted to a 
rear speaker 23, arranged on the rear side, and over- 
head channel data H, inputted to an upper speaker 24 : 
arranged over the user's head, as shown in Fig.7, the 

is Ironl channel data L f , Rf are recorded as the second in- 
lormation in the second recording layer 6, whilst the rear 
channel data B and 1he overhead channel data H are 
recorded as the first information on the second record- 
ing layer 6. 

20 [0053] II ihe multi-channel dala is recorded division- 
ally in the first and second recording layers 4 and 6, and 
only the* second inlormalion recorded on the second re- 
cording layer 6 is reproduced, stereo playback .is. real-., 
ized using the lefl and right front speakers 21, 22. On 

2B the other hand, if the first and second information, re- 
corded on the first and second recording layers 4 and 
6, are synthesized and reproduced, multi-channel ster- 
eo playback may be realized using the left and right front 
speakers 21 , 22, rear speaker 23 andthe upper speaker 

30 24 

[0054] Moreover, if the audio information recorded on 
the optical disc 1 is the multi-channel data, made up ol 
the left and right front channel data L ( , R f , inputted to the 
left and right front speakers 31 . 32, arranged towards 

35 the front side of an acoustic space, rear channel dala 
l_ B , R E . inputled to the left and right rear speakers 33, 
34. arranged towards its rear side, and the upper chan- 
nel data H, inputted to the upper speaker 24, arranged 
over the head, as shown in Fig.9, the f ronl channel data 

40 L t , R ( are recorded on the second recording layer 6 as 
the second information, whereas the rear channel dala 
L e , R E and the upper channel data H are recorded on 
the first recording layer 4 as ihe first information. The 
recording is made so that upper 12 bits of the second 

45 inlormation, as the 1 6-bit quantizing data o1 the left and 
right channels, recorded on ihe first recording layer 4, 
will be used as rear channel data L B , R E , and so that 
lower 4 bils will be used as upper channel dala H. 
[0055] Moreover, 16-bit Iront channel data L,, R,aie 

so recorded as the second information on the second re- 
cording layer 6, whereas the first information, comprised 
of fell and right 1 6-bit channel data, is recorded on the 
first recording layer 4 so thai upper 10 bits, mid 5 bits 
and the lower 1 bit are used as rear channel data L &: 

55 R B . as audio signal dala of the mid Irequency range and 
as audio signal data of the low Irequency range, respec- 
tively. 

[0056] In addition, odd samples and even samples of 
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data, such as audio data quantized to 16 or 32 bits, are 
recorded on the firsl and second recording layers 4 and 
6. as the first and second intormation, respectively. 
[0057] For recording the first and second information, 
as described above, the first and second intormation are 
recorded within a range accessible by movement in ihe 
field ol view of the objective lens 16, as shown in Fia.£. 
[0058] By divisionally recording the plural information 
relevant to one another to make up a unit of the record- 
ing inlorrnation on the first and second recording layers to 
A and 6 or on three or more recording layers, it is pos- 
sible not only to increase the recording capacity per op- 
tical disc 1, but also to reproduce the variegated intor- 
maiion. 

[0059] There are a wide variety of the iniormstion, in 
addition to that described above, as the tirsi and second 
intormation recorded on the first and second recording 
layers 4 and 6. 

[0060] II . when the second information is upper bits ol 
Ihe quantised dala, the firsl inlormaiion is ihe lower bils 20 
of the quantized data and the second information is the 
audio inlorrnation, the first information is the text"dat&-,~-- 
such as the lyric, or picture data, pertinem to this audio 
information, and the second information is picture data, 
the first information my be recorded as a title or synopsis 2$ 
pertinent to these picture data. 

[0061] On the first recording layer 4, there is recorded 
the audio information corresponding 10 the accompani- 
ment music separated from a compieie musical number 
made up of the lyric and the accompaniment music, as 30 
the first information. whereas : on the second recording 
layer 6, there is recorded the audio information compris- 
ing a complete musical number made up of the lyric and 
the accompaniment music in their entirety, as the sec- 
ond information. 55 
[0062] The audio information may be recorded in var- 
ious differenl forms on the first and second recording 
layers 4 and 6, such that the audio inlorrnation. corre- 
sponding to the accompaniment music separated from 
a complete musical number made up of a lyric and the 40 
accompaniment music is recorded on the first recording 
layer 4, whereas the audio information corresponding to 
the lyric is recorded on the second recording layer 6. as 
the second information. 

[0063] In a musical piece, such as orchestra, per- 46 
formed by plural sorts of the musical instruments, the 
audio intormation corresponding 10 the portion ol the or- 
chestra performed by a piano is recorded on ihe first 
recording layer 4 as the first information, whereas the 
audio inionnation comprising the entire orchestra is re- so 
corded on the second recording layer 6 as the second 
information. 

[0064] Meanwhile, the second recording layer 6, lay- 
ered on the first recording layer 4. is provided for ex- 
tending to close 10 the clamping area 12 which is closer 
than the first recording layer 4 to the inner rim side of 
the disc i , as shown in Fig. 1 . The inner rim side area of 
the second recording layer 6. not facing the firsl record- 



ing layer 4 : is provided with a lead-in area 15 having 
recorded therein at least a portion ol control data read 
out prior to reproduction of the first and second inlorrna- 
tion previously recorded on the information recording ar- 
£ eas 1 3. 1 4 of the first and second recording layers 4 and 
6 when the optical disc 1 is loaded on the optical disc 
reproducing apparatus. The control data, recorded in 
this lead-in area 1 5, may be enumerated by control data 
lor controlling the light beam focussing position lor the 
second recording layer, as a portion ol the data neces- 
sary lor reading out the data recorded on the second 
recording layer 6, data for light beam tracking control, 
and data for controlling the light beam tracking position 
lor the first recording layer 4. as a portion of the dala 
necessary lor reading out the dala recorded on the first 
recording layer 4. 

[0065] In the lead-in area 1 5. the archival intormation, 
slating the contents of the second intormation recorded 
on the information recording area 14 ol the second re- 
cording layer 6. is also recorded. 

[0066] In the lead-in ar ea 1 5, there is also recorded a 
discriminating signal representing the playback mode ol 
the first and second information recorded on the first and 
second recording layers 4 and 6. If the audio information 
corresponding to respective independent musical num- 
bers is recorded as the first and second information on 
the first and second recording layers 4 and 6, signals 
controlling the reproduction apparatus for respectively 
outputting the first and second information are recorded 
as the discriminating signal representing the playback 
mode. 

[0067] If the first and second information, relevant to 
one another to make up a unit of the recording intorma- 
tion, are recorded on the first and second recording lay- 
ers 4 and 6, discriminating signals controlling a repro- 
ducing unit of the reproduced apparatus tor processing 
and outputting the first and second information is record- 
ed. 

[0068] Similarly to the first and second information, re- 
corded on the information recording areas 13, 14, con- 
trol data including the discriminating signal recorded on 
the lead-in area 1 5 and the archival information are also 
recorded by a pit pattern 7 comprising a fine pattern of 
crests and recesses. 

[0069] The lead-in area 1 5 is provided only in the sec- 
ond recording layer 6 of the optical disc 1 . so that, when 
the optical disc i is loaded on the optical disc reproduc- 
lion apparatus, the first and second inlormaiion. record- 
ed on the first and second recording layers 4 or 6, are 
reproduced after reading oul the control data, such as 
the archival information, including the discriminating sig- 
nal recorded on the lead-in area 15 provided on the re- 
cording layer 6. 

[0070] Meanwhile, the lead-in area 15 is provided in 
an area that can be scanned by a light beam radiated 
from an optical pickup provided on the optical disc re- 
producing apparatus when the oplical disc 1 is loaded 
on the oplical disc reproducing apparatus. 
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[0071] Since Ihe second recording layer 6 is piovided 
inlhe invenlive optical disc 1 for extending more radially 
inwardly of the disc lhan the lirst recording layer 4, and 
the lead-in area 15 is provided in this radially inwardly 
extended portion, the first recording layer 4 is piovided 
radially outwardly ot the lead-in area 15. Since the por- 
tion ol the optical disc 1 provided with the lead-in area 
15 ot the second recording layer 6 is not provided with 
a light beam reflecting layer, beginning Irom the sub- 
strate 2, on which falls the light beam, up to the second 
recording layer 6, the light beam incident on the second 
recording layer 6 so as to be reflected by the second 
recording layer 6 can be detected without atienuation 
by the first recording layer 4. so that the control data 
recorded on the lead-in area 1 5 can be read out to high 
precision. 

|0072] Moreover, when reading out the control data, 
recorded in the lead-in area 15 provided in the second 
recording layer 6 ; such as the archival information, in- 
clusive of ihe discriminating signal, il is possible lo elim- 
inate the light beam leflected by the first recording layer 
4, so that there is no risk bTtlTe light beam component 
reflected by the first recording layer 4 being superposed 
as noise component on the light beam rellected by the 
second recording layer 6, thus assuringcorrcct readout. 
[0073] In the lead-in area 15, data pertinent to the re- 
flectance of the second recording layer 6 is recorded as 
control data read out prior lo reproduction ot the first and 
second information previously recorded in the informa- 
tion recording areas 13, 14 of the first and second re- 
cording layers 4 and 6. By recording the data pertinent 
tothe reflectance of thefirst recording layer 4 in the lead- 
in area 15, the first information recorded in the second 
recording layer 6 can be read oul correctly, such as by 
previously switching the gain ot the amplification circuit 
when reading out the second information recorded in the 
first recording layer 4, in a case wherein the reflectance 
of the first recording layer 4 is lower than thai of the sec- 
ond recording layer 6. 

[0074] By recording data indicating that the second 
recording layer 6 is provided in addition to the second 
recording layer 6 in the lead-in area 15, it can be dis- 
criminated, on loading the optical disc in the optical disc 
reproducing apparatus, that the optical disc loaded is 
the multi-layered optical disc 1. It, on loading an optical 
disc on an optical disc reproducing apparatus, it can be 
recogni2ed,to be an optical disc i provided with the first 
recording layer 4. il is possible lor Ihe reproducing ap- 
paratus to select a playback mode of leproducing the 
optical disc provided with the first and second recording 
layers 4 and 6 to proceed to reproduction of the first and 
second information recorded on the first and second re- 
cording layers 4 and 6. 

[0075] In the above-described optical disc 1, the re- 
flectance of the second recording layer 6, expressed as 
the ratio of the return light beam to the incident light 
beam, is higher than thai of the first recording layer 4. 
However, the return light beam may be larger in light 



volume than that ol the second recording layer 6. For 
example, if ihe reflectance of the first recording layer 4 
is 60%. that of the second recording layer 6 is 99%, the 
component reflected by the surface ot the substrate 2 is 

£ 6% and there is no light beam absorption ot the light 
beam by the intermediate layer 5. approximately 54% 
of the light beam from the first recording layer proves 
the return light beam, whilst approximately 15% o1 the 
light beam Irom the second recording layer 6 proves the 

to return light beam. 

[0076] Even if the first and second recording layers 4 
and 6 are formed with the above-described reflectance 
ratio, the first recording layer 4 is not provided in an area 
corresponding tothe lead-in area 15 provided in the sec- 

ts ond recording layer 6, so that control data recorded in 
the lead-in area 15 can be read out at a high reflectance 
without adverse etlects 1rom the lirst recording layer 4 
having a high retlectance and a low light transmittance. 
[0077] In the above-described optical disc 1 , the first 

so recording layer 4 is provided only radially outwardly of 
the lead-in aiea 15, without being provided in an area 

. . corresponding to the lead-in area 1 5 provided in the sec- 
ond recording layer 6. Alternatively, only the lirst record- 
ing layer 4 may be provided as a mirror surface 41 on 

25 one ot the major surfaces of the flat substrate 2, as 
shown in Fig. 1 2. This mirror surface 41 is not provided 
with a pit pattern for control data. 

[0078] By not recording data, such as control data, in 
the area in the second recording layer 6 corresponding 

30 io the lead-in area 15, the readoul signals from the first 
recording layer 4 may be prohibited from being super- 
posed on the readout signals of the lead-in area 1 5 pro- 
vided in the second recording layer 6 to assure correct 
information readout. 

35 [0079] In the optical disc according to the present in- 
vention, in which the lead-in area 15 having recorded 
therein data required in reading out the information is 
provided in the second recording layer 6, the information 
readout is started from the side second recording layer 

40 6 provided with the lead-in area 1 5, thus readily control- 
ling the readout start position of the information such as 
1he audio information recorded in the first and second 
recording layers 4 and 6. By recording the data required 
in reading out the lirst information recorded in the first 

4£ recording layer 4, the reflectance ot the first recording 
layer 4 : or data indicating the provision of the first re- 
cording layer 4, in the lead-in area 15, the gain of the 
servo loop or Ihe playback amplifier on the side disc re- 
production apparatus can readily be set depending on 

so the disc type, specifically, depending on whether or not 
the optical disc is provided with the second recording 
layer 6 ; so that the desired information recorded on the 
lirst and second recording layers 4 and 6 can be repro- 
duced readily. 

ss [0080] By recording in the lead-in area 15 the discrim- 
inating inlormation specifying the reproducing mode tor 
ihe informal ion recorded on the first and second record- 
ing layers 4 and 6. il is also possible to readily select the 
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reproducing mode tor the iirst and second information 
recorded in the first and second recording layers 4 and 
6. that is to select whether the Iirst and second informa- 
tion recorded in The first and second recording layers A 
and 6 is lo be reproduced independently of each other 
or synthesized before reproduction. 
[0081] Meanwhile, the discriminatinp signal need not 
be recorded in the lead-in area 15, but may also be re- 
corded in one of the first and second recording layers A 
and 6 Irom which data readout occurs first when the 
playback is started on loading the optical disc 1. Alter- 
natively, the discriminating information can be recorded 
in both of the first and second recording layers 4 and 6. 
(0082] A reproducing device 50 : configured for repro- 
ducing the optical disc according to the presenl inven- 
tion, is hereinafter explained. 

[0083] Reterring to Fig. 1 3, the reproducing device 50 
includes an optical pickup 51 and a signal readoul por- 
tion 52 : having an objective lens 16 for reading out the 
lirsl and second inlormalion respectively recorded in the 
first and second recording layers 4 and 6 of the optical 
disc 1 , a first reproducing unit 53 lor reproducing the firsi 
information read out from the first recording lever 4, and 
a second reproducing unit 54 for reproducing the sec- 
ond information read out from the second recording lay- 
er 6. The reproducing device 50 also includes a buffer 
memory 55 for storing the firsi and second information 
reproduced from first and second reproducing units 5S, 
54, a buffer management unit 56 lor supervising the writ- 
ing and readout of the first and/or second information lo 
or from the buffer memory 55, and a data mixer 57 con- 
stituting a reproducing unit for reproducing the first and 
second information stored in the buffer memory 55 after 
data processing such as addition or subtraction. The re- 
producing device 50 also includes a servo circuit 58 for 
transferring an optical pickup 51 lo a target recording 
track of the optical disc 1. This servo circuit 56 is also 
provided with a switching unil 59 for switching Ihe light 
beam radiated from the optical pickup 41 and converged 
by the objective lens 18 for focussing on the first and 
second recording layers 4 and 6, and a spindle motor 
60 lor rotating the optical disc 1 at e.g., a CLV under 
control by the servo circuit 56. 

[0084] The reproducing device 50 is also provided 
with a parallel or mixing readout discriminating unit 61 
for controlling the buffer management unit 56 which, re- 
sponsive io the discriminating signal recorded in the 
lead-in area l£ lor indicating the playback mode lor the 
first and second information recorded in the fiist anc 
second recording layers 4 and 6 ; selects between par- 
allel playback and mixing playback. In the parallel play- 
back, the first and second information recorded in the 
first and second recording layers 4 and 6 arc sequen- 
tially read out in parallel, that is : the second information 
recorded in the second recording layer 6 is read out alter 
reproducing the first information recorded in the first re- 
cording layer 4, or the first information recorded in the 
first recording layer 4 is read out after reproducing the 



second information recorded in the second recording 
layer 6. In the mixing playback the first and second in- 
formation recorded in the Iirst and second recording lay- 
ers 4 and 6 are mixed and calculated in the data mixer 

- 57 to reproduce the mixed signal. The reproducing de- 
vice 50 is also provided with a calculation processing 
unit (CPU) 62 which, responsive to a discriminating sig- 
nal recorded on the optical disc or to a command from 
a user, detennines whether the first and second inlor- 

io mation recordedon thef irst and second recording layers 
A and 6 of the optical disc 1 is selectively reproduced, 
the first and second information recorded on the first and 
second recording layers 4 and 6 are calculated and re- 
produced, or the optical disc such as the routine CD is 
reproduced. Based on the results of decision, the cal- 
culation processing unit (CPU) 62 controls the servocir- 
cuil 56, switching unit 59. signal readout portion 52 and 
the butter management unit 56. 

[0085] In the presenl reproducing device 50, the first 

20 and/or second inlormalion, read out Irom the lirsl and/ 
or second recording layers 4 and 6 of the optical disc 1 
by the optical pickup 51 . is routed to the signal readout 
porlion 52. The optical pickup 51 causes movement of 
the focussing point, by moving the objective lens IE 

2£ along the optical axis of the objective lens 16, to focus 
the light beam on the first or second recording layer 4, 
6 to scan the first or second recording layer A, 6. 
1 0086] The signal readout portion 52 tor reading out 
the information along with the optical pickup 51 applies 

30 pre-sel signal processing, such as demodulation or er- 
ror correction, to data supplied from the oplical pickup 
51 . that is the first and second information read out Irom 
the firsi or second recording layer 4.6, lo route the re- 
sulting firsi and second information to the buffer memory 

36 55. 

[0087] The buffer memory 55 is a playback memory 
for the first and second information read out from the 
first and second recording layers 4 and 6, and has its 
data writing and readout controlled by the buffer man- 

40 agement unit 56. 

[0088] The operation of the reproducing device 50 
shown in Fig. 13 is hereinafter explained. 
[0089] When the optical disc is loaded on the repro- 
ducing device 50 and starts 1o be run in rotation, the 

4 S optical pickup 51 is moved to the inner rim side ol the 
oplical disc 1 by a pickup feed unit, not shown, to read 
out the information recorded in the lead-in area 15. If 
the loaded oplical disc 1 is such a one in which Ihe re- 
spective independent first and second information aie 

60 recorded in the first and second recording layers 4 and 
6 thereof, and a discriminating signal indicating a first 
playback mode of reproducing the first and second in- 
formation in parallel is recorded in its lead-in area IS. 
this discriminating signal is read out by the optica! pickup 

55 51 and the signal readout portion 52 and routed to the 
parallel or mixing readout discriminating unit 61. If the 
parallel or mixing readout discriminating unit 61 reads 
the discriminating signal indicating the reproduction of 
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the lirst and second information in parallel, the parallel 
or mixing leadoul discriminating unit 61 conlrols the 
buller management unit 56 to write in the butler memory 
55 the first or second information detected by the signal 
readout portion 52, processed in a pre-set manner lor 
playback by the lirst and second reproducing units 53, 
54 and recorded in the first or second recording layer 4, 
6, at a pre-set luning, to read out the information from 
the butler memory 55, to output the read-out information 
to the first or second reproducing unit 53, 54, to demod- 
ulate the oulputted information in a demodulating circuit 
provided in the first and second reproducing units 53, 
54 to correct the demodulated information in a demod- 
ulating circuit provided in the first and second reproduc- 
ing units 53, 54 and to output the resulting information 
at a lirst output terminal 63 or a second output terminal 
64. The first or second information, oulputted by the first 
output terminal 63 or the second output terminal 64. is 
convened through an error interpolation unit, an LPF 
and a D/A convener inli analog audio signals, which are 
outputled to an acoustic reproducing unit, such as b 
speaker. 

[0090] If a playback mode selecting button, not 
shown, provided on the reproducing device 50, is oper- 
ated by a user, and a command for reproducing the first 
information recorded on the first recording layer 4 of the 
optical disc 1 is inputted, the CPU 62 determines to re- 
produce the first intormation recorded on the first record- 
ing layer 4. If it is determined to reproduce the first in- 
formation recorded on the first recording layer 4, the ob- 
jective lens 1 6 of the optical pickup 51 has iis locussing 
position controlled by the servo circuit 58 and the switch- 
ing unit 59 to focus the light beam on the first recording 
layer 4 of the optical disc 1 , run in rotation by the spindle 
motor 60, to scan the first recording layer 4. If the beam 
spot focussed by the objective lens 18 of the optical pick- 
up 51 is controlled to scan the first recording layer 4 : the 
return light beam reflected back only from the first re- 
cording layer 4 is routed to the signal readout portion 52 
to delect only the first information recorded on the first 
recording layer 4. The first information recorded on the 
first recording layer 4 and detected by the signal readout 
unit 42 is processed lor reproduction in a pre-set manner 
by the first reproducing unit 53 so as to be written in a 
pre-set liming in the butler memory 55 under control by 
the buffer management unit 56. The first information 
then is demodulated by a demodulation circuit provided 
in the Nisi reproducing unit 53 and is corrected lor eriors 
by an error correction circuit so as to be outputled at the 
first output terminal 62. 

[0091] If a playback mode selecting button, not 
shown, provided in the reproducing device 50, is acted 
upon by a user, such that the playback mode ot repro- 
ducing the second information recorded on the second 
recording layer 6 of the optical disc 1 is selected, the 
processing similar to that when the reproducing node of 
reproducing the lirst recording layer 4 is selected. That 
is. the second information recorded on the second re- 



cording layer 6 is read out and converted into analog 
audio signals which are oulputted at Ihe second record- 
ing layer 6. 

[0092] II now the playback mode selecting button, not 

s shown, provided in the reproducing device 50. is acted 
upon by the user, such that the playback mode of con- 
tinuously reproducing the lirst and second information 
recorded on the first and second recording layers 4 and 
6 is selected, the second information recorded on the 

to second recording layer 6 is continuously reproduced in 
continuation lo tne reproduction of the tirst information 
recorded on the first recording layer 4. If the reproducing 
mode of reproducing the second information recorded 
on the second recording layer 6 first is selected, the firs! 

75 information recorded on the first recording layer 4 is car- 
ried out in continuation lo the second intormation. 
[0093] The lirst and second inlormation, relevant to 
each other, are recorded in the first and second record- 
ing layers 4 and 6.. respectively, and the optical disc 1, 

20 in the lead-in area 15 of which has been recorded a dis- 
criminating signal representing the second playback 
mode enabling calculation and reproduction of the first 
and second information, is loaded on the reproducing 
device 50. If now the selection button is acted on by the 

2? user as described above, to start the reproducing oper- 
ation, the discriminating signal representing the second 
playback mode is read out by the optical pickup 51 and 
the signal readout portion 52 and sent to the parallel or 
mixing readout discriminating unit 61 . When led with Ihe 

30 discriminating representing the second playback mode, 
the parallel or mixing readout discriminating unit 61 con- 
trols the butter management unit 56. When fed with the 
discriminating signal representing the second playback 
mode, the butler management unit 56 controls the buffer 

ss memory 55 to write the first and second information read 
out Irom the first and second recording layers 4 and 6 
at a pre-set timing in the buffer memory 55 and to read 
out the inlormalion therefrom. At this time, the parallel 
or mixing readout discriminating unit 61 outputs a con- 

40 trol signal to cause the data mixer 57 to process the first 
and second inlormalion read out from the buffer memory 
55 with addition or subtraction. 

[0094] If the user actuates a playback mode selection 
button, not shown, provided in the reproducing device 

*s 50, io select the playback mode of calculating and re- 
producing the first and second intormation, the repro- 
duction is performed by the following operation: If the 
playback mode ol calculating and reproducing the lirst 
and second infoimation is selected, the CPU 62 consti- 

50 luting the control unit determines multiplex reproduction 
ol calculating and reproducing the first and second in- 
formation read out from the first and second recording 
layers 4 and 6 of the optical disc 1. If the multiplex re- 
production is determined, the optical pickup 51 is con- 

bs trolled by the servo circuit 58 and the switching unit 59 
so that the playback light beam will be focussed as the 
opltcal pickup is switched between the first recording 
layer 4 and the second recording layer 6. The switching 



9 



SDOCID: <EP 1081707A1. 1. > 



EP 1 081 707 A1 



tuning of the light beam focussing point or the locussinc 
position to Ihe first or second recording layer A. 6 is such 
that, when reproducing the iirst information recorded on 
the first recording layer 4 and subsequently reproducing 
the second information recorded in the second record- 
ing layer 6, reproduction ol the second information re- 
corded in the second recording iayer 6 is started at a 
time point retrogressing from the playback end point of 
the first information on the first recording layer 4 on the 
time axis, and is continued to a time point subsequent 
to the playback end point of the iirst recording layer 4 : 
after which the first recording iayer 4 is reproduced 
again. 

[0095] That is. if. after reproducing the first recording 
layer A from a position P ni to a position P 12 , the second 
recording layer 6 is to be reproduced, reproduction is 
started at a position P 2r which is temporally retrogres- 
sive io the playback end position P 12 of the firsi record- 
ing layer A : as shown in Fig.l4a. The reproduction from 
ihe position P 12 ol ihe Iirst recording layer 4 is conirnued 
to a position P 15 which is more backward than the play- 
back end position P 22 of the second recording layer 6. 
When reproduction is transferred to the second record- 
ing layer 6, reproduction reverts to a playback end po- 
sition P 22 of the second recording layer 6 and continued 
to the position P 2;j more backward than the playback 
end position P 13 of the first recording layer A. 
[0096] The first and second information, read out from 
the first and second recording layers A and 6 at the play- 
back timing shown in Fig 1 4a. are routed to the signal 
readout portion 52 so that the playback signal process- 
ing is performed in accordance with the aforementioned 
timing. When outpulling the signals read oul from the 
first or second recording layer A, 6, the signal readout 
portion 52 outpuls to the CPU 62 the discriminating sig- 
nal pre-recorded on the firsi and second recording lay- 
ers 4 and 6 lor representing the respective recording lay- 
ers 4 and 6 to cause the CPU 62 to control the data writ- 
ing or readout timing for the buffer memory 55 through 
the buffer management unit 56. 

[0097] The data write timing tor the buffer memory 55 
is analogous to the playback timing shown in Fig. 14a or 
the readout timing in the signal readout portion 52. On 
the other hand, the data readout timing Irom the butler 
memory 55 is such that data readout Irom the butter 
memory 55 is started after storage of a pre-set quantity 
of the data in the bufler memory 55. Theoretically, the 
oplical disc 1 is run in rotation a I a speed nol less than 
twice the prescribed standard speed to effect high- 
speed readoul at a speed not less than a double speed 
to effect data writing in the bufler memory 55. After writ- 
ing a pre-set amount of the firsi and second information 
recorded on the Iirst or second recording layer A. 6 in 
the buffer memory 55, the first or second recording layer 
4, 6 recorded on the Iirst and second recording layers a 
and 6 is read out and outputied to the first or second 
reproducing unit 53 ; 54. The ouipulled information is de- 
modulated by demodulating circuits provided in ihe first 



and second reproducing units 53 : 54 and corrected for 
errors by an error correction circuit so as to be thence 
supplied to the data mixer 57. The first and second in- 
formation inputted to the data mixer 57 are processed 

£ e.g.. with addition so as tobe outputied as playback sig- 
nals at a third output terminal 64. 
[009B] Meanwhile, il the iirst and second recording 
layers 4 and 6 are to be read at a standard speed pre- 
scribed in a standard, the inlormalion needs to be read 

70 out Irom the optical disc 1 at a double speed, that is at 
a speed twice the standard speed, even il the switching 
lime of the playback liming ol the Iirst and second re- 
cording layers A and 6 is excluded, such that the spindle 
motor 60 needs to be rotated in reality at a speed nol 

J£ less than a speed lour times the standard rotational 
speed. 

[0099] The switching liming lor illuminating the play- 
back Jight beam radiated Irom the optical pickup 51 as 
the light beam is switched between the first recording 
?o layer 4 and Ihe second recording layer 6 may be such 
a timing shown for example, in Fig. 1 4b. That is r the first 
recording layer 4 is reproduced Irom e position P n to a 
position P 12 and, when the reproduction is translerred 
to the second recording layer 6. the reproduction is stan- 
ds od at a point P 21 which is temporally retrogressive from 
the playback end position P 12 of the first recording layer 
4. After reproduction to a position P 22 of the same timing 
as the playback end position P l2 of the first recording 
layer A, reproduction is started as from the position P 1£ 
30 of the first recording layer 4. The reproduction from Ihe 
position P 12 of the Iirst recording layer A is continued to 
a position P 15 temporally subsequent to the playback 
end point P 2 2 ol Ihe second recording layer 6. When the 
reproduction is transferred to the second recording layer 
3B 6, the reproduction reverts to the playback end position 
P 22 of the second recording layer 6 and is continued up 
to a position P 2 j ol the same timing as the playback end 
position P 13 of the first recording layer 4. 
[01 00] The signals read oul from the first and second 
40 recording layers 4 and 6 at the playback timing shown 
in Fig. 1 4b are routed to the signal readout portion 52 so 
as to be subjected to playback signal processing as 
mentioned above. 

[0101] It is noted that, if the multi-channel audio infor- 
ms matron, enabling surround reproduction, has been re- 
corded in Ihe first and second recording layers 4 and 6, 
left and right iront channel data, inputied to the left and 
right front speakers 11,12, arranged on the forward side 
of the acoustic space, are recorded in ihe second re- 
50 cording layer 6, and the left and right rear channel data 
inputted to the left and right rear speakers 13, 14 are 
recorded on the first recording layer 4, the first and sec- 
ond information arc mixed together by the daia mixer 
57 so that audio data enabling 4-channel stereo repro- 
duction is outputied by a Ihird output terminal 65. 
[01 02] Meanwhile, if the first and second inlormalion, 
recorded on the first and second recording layers 4 and 
6 of fhe optical disc 1 and which are relevanl to each 
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other to constitute unitary lecordmg data , are recorded 
in a distance accessible within a range of the tracking 
control which is the range within the tield ot view of the 
objective lens 16. with the sled leed ol causing the 
movement ot the oplical pickuD5l in a direction perpen- 
dicular to the recording track by a pickup teed mecha- 
nism, not shown, that is, in a radial direction ol the optical 
disc 1, not being performed, it is possible to reduce the 
amount of movement in the tracking direction ol the op- 
tical pickup 5l to reproduce, calculate and output the 
iirst and second information sequentially. It is sufficient 
in this case if the terminal point ol one ol the first and 
second information and the beginning point of the other 
inlormation are recorded within a distance accessible 
within the field of view of the objeclive lens l£. 
|0103] 11, when the upper 16 bits of quantization data 
ol 32 bits are recorded as the second inlormation in the 
second recording layer 6 ofthe optical disc l, and lower 
16 bits of the quantization data of the 32 bits are record- 
ed in ils lirsl recording layer 4, the reproducing mode ol 
adding the first and second information by the data mix- 
er 57 as discussed above and ouiputting the resulting 
data is selected, it is possible for the reproducing device 
50 to reproduce the high quality audio information in 
which the frequency range, lor example, has been en- 
larged by the 32 bit quantizing data. 
[01 04] If the audio information is recorded as the sec- 
ond information, whilst text data, such as lyric, relevant 
lo this audio inlormation, is recorded as the first infor- 
mation in the first recording layer 4, picture data as well 
as the audio inlormation is reproduced to enable picture 
reproduction simultaneously with the audio information. 
[0105] Moreover, if, when the audio information cor- 
responding to the accompaniment music separated 
Irom a complete music number composed of a lyric and 
the accompaniment music is recorded in the first record- 
ing layer 4, and the audio data containing the entire mu- 
sical number composed of the lyric and the accompani- 
ment music is recorded as the second information in the 
second recording layer 6, the calculating operation of 
subtracting the first information from the second infor- 
mation is carried out in the data mixer 57, the audio in- 
formation composed only of the lyric portion is oulputted 
as the playback information at the third output terminal 
65. 

[0106] II, in the reproducing device 50 shown in Fig. 
1 3. the optical disc loaded is the oplical disc 1 in the first 
and second recording layers 4 and 6 of which are re- 
corded the first and second information relevant to each 
other and from which can be processed and reproduced 
the first and second infonnation, the playback mode of 
reproducing only the first or second information record- 
ed in the first or second recording layer 4, 6 is selected 
by the user, the CPU 62 determines reproduction of th£ 
first or second inlormation only from the first or second 
recording layer 4, 6, whilst the optical pickup 51 is con- 
trolled by the servo circuit 56 and the swhehing unil 59 
so thai the light beam converged by the objeclive lens 



IS will be converged on the first or second recording 
layer 4, 6 of the oplical pickup 1 rolaled by the spindle 
motor 60 to scan only the first or second recording layer 
4. 6. That is, the objective lens 16 is moved in a direction 

£ parallel to ils optical axis so that the locussing point by 
the objective lens 15 is positioned in the first or second 
recording layer 4. 6. If the optical pickup 51 is controlled 
to scan the first or second recording layer 4, 6, a signal 
corresponding to detection by a pholodetector ot the op- 

w tical pickup 51 of the return light beam reflecled only 
from the first or second recording layer 4, 6 is supplied 
to the signal readout portion 52 to read out only the first 
or second inlormation recorded on the Iirst or second 
recording layer 4, 6. An output signal derived from the 

is first or second inlormation from the signal readout por- 
tion 52, recorded on the first or second recording layer 
4, 6, is processed lor playback in a pre-set manner and 
written in the buller memory 55 at a pre-set tuning based 
on management control of the butter management unit 

20 56. The output signal then is read out Irom the bufler 
management unit 56 and demodulated and corrected 
for errors by the first or. second reproducing unit 53 or 
54 so as to be outputted as playback output .from. the 
first or second output terminal 62 or 63. 

25 [0107] Meanwhile, if, in the optical disc according to 
the present invention, the CD format is satisfied, such 
as by designing the optical disc 1 to have a reflectance 
enabling reproduction of at least the second recording 
layer 6 thereof by a routine CD reproducing device, as 

30 discussed above, at leasl the second inlormation re- 
corded on the second recording layer 6 can be repro- 
duced by a reproducing device reproducing the routine 
CD.. 

[0108] Referring to Fig. 15, a recording apparatus 71 
35 for recording the first and second information relevant 
to each other on the optical disc having the first and sec- 
ond recording layers 4 and 6 is explained with reference 
to Fig. 15. 

[0109] The recording apparatus 71 includes a first in- 
40 put lerminal 72, fed with first audio signals correspond- 
ing to the first information recorded on the first recording 
layer 4 of the optical disc i , and a second input terminal 
1 72, ted with second audio signals corresponding to the 
second inlormation recorded on the second recording 
45 layer 6. 

[0110] It is noted that the first and second audio sig- 
nals, inputted to the first input terminal 72 and to the 
second inpul terminal 172, are mutually relevant analog 
audio signals which, on synthesis to each other, make 

50 up multi-channel audio signals enabling surround repro- 
duction. Thai is, left and right front channel data and left 
and right rear channel data, making up a set of mulually 
relevant audio data of the 1ront and rear four channels, 
and which are processed with ihe sampling at a sam- 

55 piing frequency of 44.1 kHz and quantization with 16 
bits, may be said to be the data mutually relevant at the 
same time point on the time axis. 

[0111] Thetirsi input terminal 72 is fed with first analog 
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audio signals corresponding lo tell and right front chan- 
nel data, whilst the second inpul terminal 172 is led with 
second analog audio signals corresponding lo lefl and 
right rear channel date. 

[0112] The first audio signals, inputted lo the lirst input 
terminal 72, are amplified by a first lineup 74 and thence 
supplied to a Itrst adder 75 configured for adding dither 
which is the small random noise from a dither generating 
circuit 73. The first audio signal to which the dither has 
been added in the first adder 75 : is passed through a 
first low-pass filter (LPF) 76 where only signals having 
a band not higher than 20 kHz are taken out and routed 
to a first sampling circuit 77. The first sampling circuit 
then performs sampling on the filtered ouipul of the first 
LPF 76 at a sampling frequency of 44.1 kHz. This sam- 
pling data is converted by a lirst A/D convener 76 into 
16-bit digital audio signals. 

[0113] Similarly, the second audio signals, inputted to 
the second input terminal 1 72 7 are amplified by a second 
lineup 174 and ihence supplied lo a second amplilier 
1 75 adapted for summing the dither from the dither gen- 
erating circuit 73. The second audio signals, added to 
with the dither from the second amplifier 175, are 
passed through a second low-pass filter (LPF) 176 
where only signals having a band not higher than 20 kHz 
are taken out and routed to a second sampling circuit 
177. The first sampling circuit then performs sampling 
on the filtered output of the second LPF 176 at a sam- 
pling frequency of 44. 1 kHz This sampling data is con- 
verted by a second A/D convener 176 into 1 6-bit digital 
audio signals. 

[0114] The first digital audio signals, outputted by the 
first A/D converter 78 as 16-bit digital audio signals, de- 
rived from the first audio signals, are transiently written 
in a first buffer memory, read out Iherefrom and supplied 
to a first error correction encoding circuit 60 where it is 
subjected to encoding by the combination of the cross- 
interleaving employing the CIRC algorithm and the four- 
order Reed- Solomon codes. The encoded data output- 
ted by the first error correction encoding circuit 60 is 
modulated by EFM by a first modulation circuit 61 and 
subjected lo signal recording processing by a first re- 
cording processing circuit 62 so as to be recorded as 
the first information on the first recording layer 4 of the 
optical pickup of the recording apparatus. 
[01 1 5] On the other hand, the second digital audio sig- 
nals, outputted by the second A/D convener 75 as 1 6-bit 
digital audio signals, derived Irom Ihe second audio sig- 
nals, ate transiently written in a second buffer memory, 
r ead out therefrom and sent to a second error correction 
encoding circuit 160 where it is subjected to encoding 
by the combination of the cross-interleaving employing 
the CIRC algorithm and the lour-ordcr Reed-Solomon 
codes. The encoded data outputted by the second error 
correction encoding circuit 160 is modulated by EFM by 
a second modulation circuit 181 and subjected to signal 
recording processing by a second recording processing 
circuit 162 so as lo be recorded as the second informa- 



tion in the first recording layer 6 of the optical pickup of 
the lecordmg apparatus. In this second recording layer 
6, there is recorded the lead-in area 1 5. as shown in Fig. 
1. Tnus. in the second recording layer 6. there are re- 
* corded, in addition to the aforementioned control data 
and the archival information tor the second recording 
layer 6, discriminating signals indicating the playback 
mode of the first and second information. These control 
data and the discriminating information are supplied 
'0 from a digital signal input lerminal 164. as later ex- 
plained, and are recorded by the optical pickup in the 
lead-in area 1 5 of the second recording layer 6 through 
the erroi correction encoding circuit 180, modulation cir- 
cuit I6"t and the recording processing circuit 162. 
t£ |0116] It is noted that the first digital data, recorded in 
the lirst recording layer 4, and the second digital daia : 
recorded on the second recording layer 6. are recorded 
so that the data will be coincident with each other on the 
time axes. 

20 [0117] The lefl and right Iron! channel data, derived 
liorn the first audio signals, and the left and right rear 
channel data, derived Irom the second audio signals, 
may be recorded in the second recording layer 6 and in 
the first recording layer 4, respectively. 
? s [0118] In the present recording apparatus 71 .first and 
second digital signal input terminals 83, 1 64 may be pro- 
vided in the lirst and second error correction encoding 
circuits 60, 160, so thai the first and second information 
recorded in the firsl and second recording layers 4 and 
30 6 may be directly inputted to the first and second error 
correction encoding circuits 60. 180. 
[0119] As another mutually relevant information, re- 
corded in the first and second recording layers 4 and 6, 
there is the combination of the audio information corre- 
2£ sponding to the accompaniment music separated from 
a complete musical numbers composed of the lyric and 
the accompaniment music and the audio information 
comprising the totality of the musical number composed 
of the lyric and the accompaniment music. 
to [0120] The recording apparatus 71 records an dis- 
criminating signal indicating the playback mode in the 
lead-in area 15 of the oplical disc 1 after or before re- 
cording the first and second information in the first and 
second recording layers 4 and 6. 
[0121] The oplical disc 1, in the first and second re- 
cording layers 4 and 6 of which have been recorded the 
mutually relevant information, as described above, is re- 
pioduced by a reproduced apparalus 90 shown in Fig. 
15. 

so [0122] This reproducing apparatus 90 includes an op- 
tical pickup having an objective lens. The lighl beam for 
playback, converged by an objective lens, is selectively 
focusscd in the lirst or second recording layer 4, 6, and 
the return light beam reflected from the firs! or second 
recording layer 4, 6 is detecied by a photodeleclor lo 
reproduce the first and second information recorded on 
the firsl and second recording layers 4 and 6. 
[0123] The reproducing apparatus 70 sequentially 



12 



22 



BP 1 081 707 A1 



24 



sends a signal corresponding to the return light beam 
reflected by the first recording layer 4 of the oplical disc 
rolaiionally driven at e.g.. a CLV by a rotating driving 
unit, not shown, as detected by ihe optical pickup, to a 
first reproducing unit 91. a first demodulating circuit 92 £ 
and a second error correction circuit 93, together mak- 
ing up a playback signal processing unit. The firsl repro- 
ducing unit 91 RF-processes a detection signal Irom the 
optical pickup to generate RF signals which then are 
routed to the first demodulating circuit 92. The first de- to 
modulating circuit EFM-demodulaies the RF signals, as 
an example, to route the demodulated signal to a first 
error correction circuit 93. 

[0124] Similarly to the signal read out Irom the first 
recording layer 4, the signal corresponding to the return 
light beam reflected by the second recording layer 6 ol 
the optical disc 1, as detected by the optical pickup, is 
sequentially routed to a second reproducing unit 191, a 
second demodulating circuit 192 and to a second error 
correclion circuit 193. The second reproducing unil 191 
RF-processes a detection signal Irom the optical pickup 
to generate RF signals which then are routed to the sec- 
ond demodulating circuit 1 92. The first demodulating cii- 
cuit EFM-demodulaies the RF signals, as an example, 
to route the demodulated signal to a second error cor- 2$ 
rection circuit 1 93. 

[0125] Meanwhile, the reproducing apparatus 90 is 
provided with a playback mode selection button, not 
shown. This playback mode selection butlon selects the 
first and second information respectively recorded in the so 
first and second recording layers 4 and 6 of the optical 
disc 1 . 

[01 26] Outputs of the first and second error correction 
circuits 93 : 193 are issued depending on the- selected 
playback mode, tf the playback mode selection button ss 
is acled on. such that a reproducing mode correspond- 
ing to a discriminating signal pre-recorded on the optica! 
disc 1, that is the playback mode ol calculating and re- 
producing the first and second inlormation, is selected, 
the first and second information, read out from the first 
and second recording layers 4 and 6, are routed to a 
multiplexer 94. The multiplexer 94 : fed with the firsl and 
second information read out from the first and second 
recording layers 4 and 6, perlorms calculating opera- 
tions, such as addition or subtraction, on the first inlor- 
mation read out from the first recording layer 4 and the 
second inlormation read out 1rom the second recording 
layer 6, in accordance with disciiminaling signals pie- 
recoided on the optical disc 1, to output the resulting 
information as playback signals. 50 
[0127] For example, if the left and right Iront channel 
data : corresponding to the first audio signals, are re- 
corded in the first recording layer 4 , and the left and right 
rear channel data, corresponding to the second audio 
signals, are recorded as the second information in the 
second recording layer 6, the multiplexer 94 sums the 
firsl and second information, read out Irorn ihe first and 
second recording layers 4 and 6. looutpul the resulting 



sum information. 

|0128] The audio data, processed by the multiplxer 
94, is sent to a first error interpolation circuit 95. where 
it is decoded by e.g.. CIRC and sent to a lirst D/A con- 
verter 96 lor conversion to analog audio signals. These 
analog audio signals are routed from a first aperture cir- 
cuil 97 to a first low-pass filter (LPF) 9E, This first LFF 
9S filters the analog audio signals, witha cut-off frequen- 
cy of approximately 20 kHz, to output the resulting fil- 
tered signal via a first amplifier 99 from a lirst output ter- 
minal 100. By interconnecting an acoustic reproducing 
apparatus, such as a speaker unit or e headphone unit, 
to the firsl output terminal 100, sound reproduction 
based on audio data corresponding to the first informa- 
tion read out Irom the first recording layer 4 and the sec- 
ond inlormation read out Irom the second recording lay- 
er 6 is achieved. 

[0129] If. when the audio information corresponding 
to the accompanimenl music, separated from a com- 
plete musical number composed of Ihe lyric and the ac- 
companiment music for this lyric, is recorded as the first 
information, and the audio information corresponding to 
the lyric ol this complete musical number is recorded as 
the second information in the second recording layer 6, 
a discriminating signal has been recorded as a signal 
indicating addition of the first and second information 
read out Irom the first and second recording layers 4 
and 6 : the multiplexer 94 outputs a sum signal of the firsl 
and second information read out from the first and sec- 
ond recording layers 4 and 6 as a playback signal. This 
summed audio data is audio data of a complete musical 
number composed of the first information corresponding 
to the accompaniment music recorded in the 1irs1 record- 
ing layer 4 and the second information corresponding to 
the lyric recorded on the second recording layer 6. 
[0130] If, when the audio information corresponding 
to the accompanimenl music, separated from a com- 
plete musical number composed of the lyric and the ac- 
companiment music for this lyric, is recorded as the first 
inlormation, and the audio information corresponding to 
the lyric of this complete musical number is recorded as 
the second information in the second recording layer 6, 
a discriminating signal has been recorded as a signal 
indicating subtraction ol the second inlormation read out 
trom the second recording layer 6 from the first informa- 
tion read out Irom the first recording layer A, the multi- 
plexer 94 outputs a difference signal obtained on sub- 
iracling the second inlormation read out liom Ihe sec- 
ond recording layer 6 from the first information read oul 
from the firsl recording layer 4 as a playback signal. This 
difference audio data is audio data containing only the 
audio information corresponding to the accompaniment 
music of the lyric. 

[0131] If the playback mode selecting button is acted 
on to select the playback mode of respectively inde- 
pendently oulputling the first and second information 
read out Irom the first and second recording layers 4 
and 6 of the optical disc 1 , ihe first and second informa- 
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lion read out irorn the first and second recording layers 
4 and 6 are demodulated by ihe first and second de- 
moduiaiing circuits 92. 193 and rouied through ihe first 
and second error correction circuits 93. 193 to second 
and third error interpolation circuits 195. 295. where the 5 
first and second intormation are decoded by e.g.. CIRC 
and routed to second and third D/A converters 1 96. 296 
for conversion to analog audio signals. These analog 
audio signals are routed trom second and third aperture 
circuits 197, 297 to second and third LPFs 19E, 29S io 
where the analog audio signals are filtered at a cut-off 
frequency of approximately 20 kHz and outputted 
through second and third amplifiers 1 99, 299 at second 
and third output terminals 200 : 300. By connecting 
acoustic reproducing apparatus, such as a speaker de- 
vice or a headphone device, to the second and Ihird out- 
put terminals 200, 300, acoustic reproduction is realized 
on the basis ol the audio data read out Irom the first and 
second recording layers 4 and 6. By selecting signals 
oulpulled Irom the second or third output terminal 200 so 
or 300,* the first or second information, recorded on the 
first or second recording layer 4, 6. can be selectively 
leproduced and heard. 

[0132] Although the recording medium in the above- 
described embodiment is an optical disc, it may also be ?s 
card type memories, such as an optical card or a sem- 
iconductor memory, a hard disc or a magnetic disc, with- 
out being limited to the optical disc, on the condition that 
a reproducing apparatus adapted to the recording me- 
dium to be used is employed 30 

Claims 

1. A recording medium al leasl having a first recording 35 
layer 1or recording first information and a second re- 
cording layer for recording second information, 
wherein 

a discriminating signal indicating the playback 
mode is recorded on at least one of the first and 
second recording layers 

2. A recording medium comprising; 

a first recording layer tor recording at least first 
information and a second recording layer tor record- *s 
ing second information, 

wherein a discriminating signal indicating the 
playback mode is recorded in whichever ol said firsl 
recording layer or the second recording layer is to 
be read out first in reproduction. so 

3. An optical recording medium having a first record- 
ing layer tor recording first inlorrnalion and a second 
recording layer for recording second information. 

said first and second information being re- ss 
corded so as to permit accessing by movement 
within the field of view of an objeclive lens used tor 
reading oul the firsl and second information. 



4. The optical recording medium according to claim 3 
wherein a stan position of an area of said first re- 
cording layer where said first information is record- 
ed and a start position ol an area of said second 
recording layer where said second information is re- 
corded are within a range accessible by movement 
within the field ol view of said objective lens. 

5. The optical recording medium according to claim 3 
or 4, in which a discriminating signal indicating the 
reproducing mode is recorded in at least one of said 
first recording layer and said second recording lay- 
er. 

6. The recording medium according to claim 1, 2 or 5 : 
wherein said discriminating signal indicates e firsl 
playback mode tor respectively reproducing said 
first iniormation recorded in said first recording layer 
and said second information recorded in said sec- 
ond recording layer or a second playback mode ol 
performing calculations on said first intormatton re- 
corded in said first recording layer and said second 
information recorded in said second recording iayer 
to generate playback signals. 

7. The recording medium according to claim 1, 2, 5 or 
6, wherein 

there is provided in at least one of the first and 
second recording layers an archival information ar- 
ea in which there is recorded the archival iniorma- 
tion for the information recorded in said recording 
layer, and wherein 

said discriminating signal is recorded in said 
archival iniormation area. 

8. The recording medium according to claim 7, where- 
in 

said archival information is recorded in a por- 
tion of one of said first recording layer and said sec- 
ond recording layer extending in a direction parallel 
to the other recording layer with respect to said oth- 
er recording layer. 

9. The recording medium according to claim B wherein 

the portion ol said other recording layer facing 
said one recording layer is formed as a flat surface. 

10. The recoiding medium according to any one of 
claims 1 , 2 or 5 to 9, wherein 

said reproducing mode indicates how the first 
iniormation recorded in said first recording layer 
and the second information recorded in said second 
recording layer arc to be road out. 

11. The recording medium according to any one of the 
preceding claims, wherein 

in said second recording layer, upper bits of 
audio daia are recorded as said first information in 
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said iirsi recording layer and lower bits ol said audio 
data are recorded as said second information in 
said second recording layer. 

12. The recording medium according to any one ol the 
preceding claims, wherein 

audio data are recorded as said tirsl informa- 
tion in said lirst recording layer and data pertinent 
to said audio data are recorded as said second in- 
formation in said second recording layei. 

13. A reproducing apparatus lor reproducing informa- 
tion from a recording medium at least having a first 
recording layer tor recording first information and a 
second recording layer for recording second infor- 
mation, in which there is recorded, in at least one 
ol the first recording layer and the secono recording 
layer, a discriminating signal at least indicating 
whether or not the lirst information recorded in said 
lirsl recording layer and l.he second inlormalion re- 
corded in said second recording layer are to be 
processed and reproduced, said reproducing appa- 
ratus-comprising: 

readout means for reading out said first or sec- 
ond information Irom said recording medium; 
reproducing processing means for performing 
signal processing on an output signal of said 
readout means; and 
control means tor switching said reproducing 30 
processing means based on a discriminating 
signal read out by said readout means. 

14. The reproducing apparatus according to claim 13, 
wherein 

said reproducing processing means includes 
calculation processing means tor performing calcu- 
lations on said first and second intormation read out 
by said readout means based on a control signal 
Irom said control means to output the resulting in- *o 
tor mat ion. 

15. The reproducing apparatus according to claim 14, 
wherein 

said calculation processing means includes a 4 * 
butler memory in which is written one of said first 
information and said second information read out 
horn said readout means and a calculating unit (or 
periorming calculations on the other inlorrnation 
read out by said readout means and the information so 
read out Irom said buffer memory. 

16. The reproducing apparatus according to claim 13, 
14 or 15. wherein 

said control means controls said reproducing & 
processing means to perform calculations on said 
lirst inlorrnation recorded in saidlirsf recording layer 
and said second intormation recorded in said sec- 



ond recording layer when said discriminating signal 
indicaies performing calculations on said lirsl infor- 
mation and said second intormation and for repro- 
ducing the resulting intormation. 

17. The reproducing apparatus according to claim 16, 
wherein 

said control means controls said reproducing 
processing means to output saidlirst inlorrnation re- 
corded in said lirst recording layer and said second 
information recorded in said second recording layer 
and read out by said readout means when said dis- 
criminating signal is not indicating performing cal- 
culations on said first inlorrnation and said second 
information. 

IB. A reproducing method lor reproducing information 
from a recording medium at leasl having a first re- 
cording layer lor recording lirst intormation and a 
second recording layer lor recording second inlor- 
mation : in which there is recoided, in at least one 
of the f irsi recording layer and the second recording 
layer, a discriminating signal at least indicating ^ 
whether or not the first intormation recorded in said 
first recording layer and the second information re- 
corded in said second recording layer are to be 
processed and reproduced, said reproducing meth- 
od comprising: 

reading out said first or second inlorrnation from 
said recording medium; and 
switching the reproducing processing opera- 
tion of the reproducing processing means led 
with the lirst and second information read out 
from said recording medium based on the dis- 
criminating signal read oul from said recording 
medium. 

19. The reproducing method according to claim 1E, 
wherein 

said reproducing processing means performs 
calculations on said first intormation recorded in 
said tirst recording layer and said second informa- 
tion recorded in said second recording layer when 
said discriminating signal indicaies performing cal- 
culations on said lirst information and said second 
information, said reproducing processing means 
outpulling the processed tirst and second informa- 
tion as playback signals. 

20. The reproducing method according to claim 15, 
wherein 

said reproducing processing means outputs 
said first information recorded in said first recording 
layer and said second inlorrnation recorded in said 
second recording layer when said discriminating 
signal is not indicating periorming calculations ther- 
eon and reproducing said first inlorrnation and said 
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